We investigated 56 basalts drilled in Hole 1256D (equatorial East Pacific Rise) during Ocean Drilling Program Leg 206 and Integrated Ocean Drilling Program Expedition 309. Primary magmatic phases, pyroxenes, plagioclases, and Fe-Ti oxides were analyzed in 16 selected samples by electron microprobe analysis. Both clinopyroxene and plagioclase show strong zoning effects, especially in the outermost rims. Many clinopyroxenes show marked zoning, which is in part developed as sector zoning. Some clinopyroxenes bear cores of relict pigeonites, which show slightly higher Mg# (100 * molar MgO/[MgO + FeO tot ], where FeO tot = total FeO) than the host crystals. Plagioclase shows a broad scattering in composition, often combined with zoning. We observed a slight trend toward more evolved compositions of mineral phases in the sheeted dikes. Only 1 of the 16 samples bears coexisting magnetite and ilmenite (from the uppermost volcanic unit, the lava pond). By applying the magnetite-ilmenite thermooxybarometer, we calculated an oxygen fugacity corresponding to ΔFMQ of -0.4 (0.4 log units below the oxygen fugacity of the fayalite-magnetite-quartz buffer). (Wilson, 1996) on the Cocos plate in the eastern equatorial Pacific. This site was initially chosen to exploit the inverse relationship between spreading rate and depth to axial low-velocity zones, thought to be magma chambers now frozen as gabbros, observed from seismic experiments (Wilson et al., 2006) . Hole 1256D penetrated the entire upper oceanic crust and finally drilled into the uppermost gabbro. Site 1256 is a potential location for a complete penetration of the entire ocean crust in the frame of a "mission," a new operational tool of IODP ("Mission Moho") Dick et al., 2006 
Introduction
Integrated Ocean Drilling Program (IODP) Hole 1256D (6.736°N, 91.934°W), drilled during Ocean Drilling Program (ODP) Leg 206 and IODP Expedition 309/312 (Wilson et al., 2006 ) is located on 15 Ma oceanic crust formed at the superfast spreading East Pacific Rise (220 mm/y full spreading rate) (Wilson, 1996) on the Cocos plate in the eastern equatorial Pacific. This site was initially chosen to exploit the inverse relationship between spreading rate and depth to axial low-velocity zones, thought to be magma chambers now frozen as gabbros, observed from seismic experiments (Wilson et al., 2006) . Hole 1256D penetrated the entire upper oceanic crust and finally drilled into the uppermost gabbro. Site 1256 is a potential location for a complete penetration of the entire ocean crust in the frame of a "mission," a new operational tool of IODP ("Mission Moho") Dick et al., 2006) . Initial results of drilling at Site 1256, including detailed site maps and information about the geological setting, can be found in the "Expedition 309/312 summary" chapter and Teagle, Wilson, Acton, and Vanko (2007) . The first individual scientific results con-cerning the structure/composition of the extrusive rocks and details of the hydrothermal alteration within the lavas and dikes are now available (Busigny et al., 2005; Laverne et al., 2006) . In this study, 56 samples of the overlying basaltic lava flows and sheeted dikes, drilled during Leg 206 and Expedition 309, were investigated by light microscope and electron microprobe analyses.
Methods and materials
Petrographic data were collected from 56 thin sections covering the depth range from 324 to 1255 meters below seafloor (mbsf) in the drill hole, including the following lithostratigraphic units: the "lava pond," the inflated flows, the sheet and massive flows, the transition zone, and the upper part of the sheeted dike complex (Fig. F1) . Concerning petrographic terms and rock names we follow those from the "Site 1256" chapter and Wilson, Teagle, Acton, et al. (2003) . Phenocryst abundances were estimated by digital images processed in a similar way to that described in the "Methods" chapter.
Primary magmatic phases in 16 basalts were analyzed (red points, Fig. F1 ) by using polished thin sections and a Cameca SX 100 electron microprobe equipped with five spectrometers and "Peak sight" software. All measurements were made at 15 kV beam potential and 15 nA beam current, with a focused beam and a count time of 20 s for each element. For some Fe-Ti oxides showing exsolution lamellae, a broad beam 20 µm in diameter was used to obtain the initial unexsoluted composition. Matrix correction was performed according to Pouchou and Pichoir (1991) For establishing relationships between mineral and bulk compositions, we chose samples for which bulk analyses are available (see the "Site 1256" chapter and Teagle, Wilson, Acton, and Vanko, 2007) .
Petrographic results
Petrographic results are presented in Table T1 . As phenocrysts, only clinopyroxene and plagioclase were identified. Olivine seems to have been completely altered to secondary minerals, as we only identified possible olivine pseudomorphoses. In spite of careful investigation by both optical microscope and backscattered electron (BSE) imaging combined with energy-dispersive X-ray (EDX) analyses, we were not able to find fresh olivine in our samples. The primary groundmass is composed of plagioclase, clinopyroxene, and Fe-Ti oxides, and anhedral clinopyroxene fills the interstices between the mostly euhedral plagioclase laths.
Microanalytical results
Compositions of the analyzed primary magmatic phases (clinopyroxene, pigeonite, plagioclase, and Fe-Ti oxides) occurring in the investigated basalts are shown in Table T2 . (Fig. F2) , with Mg# as low as 42.0, corresponding to a FeO tot concentration of 24.6 wt%. Phenocrysts are slightly more primitive in composition compared to groundmass crystals, as reflected by the slightly higher Mg# (Fig. F3A) . As expected, the Mg# of the clinopyroxenes correlates with the Mg# of the corresponding bulk rock (Fig.  F3A) .
Pyroxenes

Relics of pigeonite as cores in augite
Pigeonite has been reported as a groundmass mineral occurring as discrete crystal and thin prismatic cores sandwiched by augite in some lavas (e.g., Umino, 2007) . Our analyses show that these pigeonites have CaO contents ranging from 4.4 to 5.2 wt%. Mg# of pigeonites in augite ranges from 67.3 to 82.2 and are generally slightly higher than those of the host. Two textural types of pigeonite were observed in the samples:
1. Type I pigeonites (Figs. F4, F5A ) correspond to those described in Crispini et al. (2006) and Umino (2007) and can be easily observed under the light microscope as elongated prismatic crystals embedded in augite with a sharp contact between the two. Both pigeonite and augite show strong variations in Mg#. This textural type occurs in the fine-grained samples of Unit 1256D-1, which has been interpreted as a ponded lava flow, as well as in one fine-grained sample (309-1256D-118R-1, 43-48 cm) of the flow-dike transition. 2. Type II pigeonites (Figs. F5B, F5C) show different textural features and were first observed in cryptocrystalline and microcrystalline samples of the sheet flows via BSE images. In contrast to Type I pigeonites, they appear as strongly disrupted, often cloudy diffuse patches in intensely zoned groundmass clinopyroxenes, meaning that single pyroxenes bear one or multiple diffuse cores of pigeonitic composition with a more diffuse contact between each other. Because of the strong zonation of the host clinopyroxene, Type II pigeonite is difficult to detect with the light microscope.
The observation of pigeonite in Hole 1256D is significant. Although low-Ca pyroxene is present in many gabbroic rocks from the plutonic crust of fast-spreading ridges (e.g., Hole 1256D; see the "Site 1256" chapter and Gillis, Mével, Allan, et al., 1993) , it is normally not observed as phenocrysts in the corresponding erupted lavas ("the orthopyroxene paradoxon"). Here, low-Ca pyroxene was detected, but only as relics with the composition of pigeonite and not of orthopyroxene, which is the typical low-Ca pyroxene occurring in gabbros. Future studies will shed light on this phenomenon. Figure F6 presents a BSE image of clinopyroxene showing two domains that can be distinguished by a small difference in their gray levels. The brighter zone is, relative to the darker zone, enriched in Al, Ti, Cr, and Ca and impoverished in Fe and Mg (Fig.  F6) . Such zoning is hard to detect during routine microprobe analysis and is probably the reason for the relatively large standard deviations related to some averages (Table T2) .
Sector zoning
Plagioclase
In general, groundmass plagioclase shows marked zoning, with a significant decrease in An content toward the rims. Although the An content of the cores varies between 55.5 and 69.3 mol%, the rims are much lower in An, ranging from 34.7 to 67.1 mol%. The standard deviation for the analyses are large, and some cores show exceptionally high An contents up to >80 mol%. Figure F7 shows some concentration profiles for An to illustrate zoning trends observed in groundmass plagioclases. An and FeO tot content in the plagioclase are negatively correlated, suggesting the bulk rock evolution trend to more iron-rich composition with increasing differentiation (Fig. F8) . This is confirmed by a diagram of An content versus bulk Mg# of the host rocks that shows a positive correlation (Fig. F3B) .
Analyzed phenocrysts are significantly enriched in An content relative to the groundmass plagioclase, reaching values up to 83.9 mol% (Figs. F3B, F8 ). This enrichment implies that these phenocrysts are out of equilibrium with the groundmass, representing obvious crystallization products of more primitive magmas, although rims have lower An (<70.9 mol%). Some plagioclase phenocrysts are completely altered to albite, probably because of secondary hydrothermal alteration.
Fe-Ti oxides
Coexisting magnetite and ilmenite were found in only one sample of the lava pond (Fig. F9 ). For this sample, equilibration temperature and oxygen fugacity was calculated using the "QUILF" software (Andersen, 1993) . Equilibrium temperature was estimated to be 784° ± 95°C, reflecting obvious reequilibration during cooling. Calculated oxygen fugacity corresponds to ΔFMQ of -0.4 (0.4 log units below the oxygen fugacity of the fayalite-magnetitequartz buffer), which is within the range of oxygen fugacities observed in fresh mid-ocean-ridge basalt (MORB) glasses (Bezos and Humler, 2005) .
All other samples contain only titanomagnetite. In the diagram for Fe-Ti oxides ( Fig. F10) , they plot on the ulvospinel-rich side of the ulvospinel-magnetite solid solution.
Mineral downhole variations
We observed slightly lower iron content and a slightly higher An in plagioclase, along with a higher clinopyroxene Mg# in basalt, in the sheeted dikes, compared to the immediately overlying flows (Fig.  F11 ), but no overall trend directly correlated to depth. Kvassnes et al. (2004) estimated typical differentiation trends for MORB by plotting Mg# of clinopyroxene versus An contents of plagioclase in gabbros from different tectonic settings ("dry" and "wet" fractionation). As expected, our data reveal a trend typical for "dry" fractionation ( Fig. F12) . Including the corresponding mineral data from the two gabbro screens in the future will help clarify the genetic relationship between gabbros and basalts from the drilled section. Figure F1 . Simplified lithostratigraphy according to Teagle, Wilson, Acton, and Vanko (2006) , including locations of investigated (white) and analyzed (red) samples. 
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Proc. IODP | Volume 309/312 6 Figure F2 . Average compositions of pyroxenes. Quadrilateral after Morimoto et al. (1988) . Di = diopside, Hd = hedenbergite, En = enstatite, Fs = ferrosilite. Sample 206-1256D-39R-2, 9-10 cm Figure F6 . BSE image of clinopyroxene crystal with marked sector zoning. Brighter zone in middle of crystal is relatively enriched in Al, Ti, Cr, and Ca, whereas Fe and Mg are depleted. Dashed arrow indicates location of corresponding microprobe profile through this grain (Fig. F7) . Figure F7 . Microprobe profile for elements through clinopyroxene with marked sector zoning shown in Figure  F6 .
Length of dashed arrow (µm) Figure F8 . BSE images of groundmass plagioclase (pl) and related electron microprobe profiles for An content. Figure F10 . BSE image of oxide cluster with coexisting magnetite (mt) and ilmenite (il).
Sample 206-1256D-9R-2, 7-10 cm il 500 µm mt Figure F11 . Plot of analyzed magnetites and ilmenites in FeO-Fe 2 O 3 -TiO 2 -ternary diagram. Figure F13 . Mg# of clinopyroxene vs. An content of plagioclase plotted against general fractionation trends (redrawn after Kvassnes et al., 2004 ). Notes: CSF = core depth below seafloor. Aphyric = 0%-1%, sparsely phyric = 1%-5%, moderately phyric = 5%-10%. Cryptocrystalline = <0.1 mm, microcrystalline = 0.1-0.2 mm, fine grained = 0.2-1.0 mm. Notes: Number = number of phases. One standard deviation is listed below its average composition in italics. cpx = clinopyroxene, pgt = pigeonite, pl = plagioclase, ilm = ilmenite, mag = magnetite. Broad beam analysis was used to reintegrate exsolution lamellae. * = phenocryst. An = mol% content of plagioclase. -= below limit of detection, empty cell = not analyzed. 
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